Objective. The study was intended to develop and validate a health literacy test, termed the Short Assessment of Health Literacy for Spanish-speaking Adults (SAHLSA), for the Spanish-speaking population. Study Design. The design of SAHLSA was based on the Rapid Estimate of Adult Literacy in Medicine (REALM), known as the most easily administered tool for assessing health literacy in English. In addition to the word recognition test in REALM, SAHLSA incorporates a comprehension test using multiple-choice questions designed by an expert panel. Data Collection. Validation of SAHLSA involved testing and comparing the tool with other health literacy instruments in a sample of 201 Spanish-speaking and 202 English-speaking subjects recruited from the Ambulatory Care Center at UNC Health Care. Principal Findings. With only the word recognition test, REALM could not differentiate the level of health literacy in Spanish. The SAHLSA significantly improved the differentiation. Item response theory analysis was performed to calibrate the SAHLSA and reduce the instrument to 50 items. The resulting instrument, SAHLSA-50, was correlated with the Test of Functional Health Literacy in Adults, another health literacy instrument, at r 5 0.65. The SAHLSA-50 score was significantly and positively associated with the physical health status of Spanish-speaking subjects ( po.05), holding constant age and years of education. The instrument displayed good internal reliability (Cronbach's a 5 0.92) and test-retest reliability (Pearson's r 5 0.86). Conclusions. The new instrument, SAHLSA-50, has good reliability and validity. It could be used in the clinical or community setting to screen for low health literacy among Spanish speakers.
years have witnessed a growing societal concern with low health literacy and its health toll (Lee, Arozullah, and Cho 2004) . Healthy People 2010 Objectives: Draft for the Public Comment notes that health literacy is ''increasingly vital to help people critically evaluate health information'' (U.S. Department of Health and Human Services 1998). Indeed, empirical research has linked low health literacy to low health status (Baker et al. 1997 Williams et al. 1998; Gazmararian et al. 1999) and poorer knowledge about disease prevention and treatment (Kalichman et al. 2000) . Preliminary analyses have also suggested that low health literacy may threaten care quality and cause unnecessary hospital costs (Baker et al. 1997; Marwick 1997; Roter, Rudd, and Comings 1998; Rudd, Moeykens, and Colton 2000) . A study of Medicaid participants revealed that those who read at the lowest grade levels (grades 0-2) had average annual health care costs of $12,974 compared with $2,969 for the overall sample studied (Weiss et al. 1994) .
The adverse health effects of low health literacy may be more pronounced in the Spanish-speaking Latino population, the fastest growing ethnic group in the United States. A census report in 2002 indicated that Latinos surpassed African Americans as the largest minority group in the country for the first time (U.S. Census Bureau 2002) . By the mid-2000s, Latinos are expected to comprise more than 20 percent of the nation's population (U.S. Census Bureau 2000) . Latinos tend to trail the rest of the U.S. population in terms of educational attainment (del Pinal 1996) . The 2000 U.S. Census showed that the proportion of Latinos aged 25 years and older who had less than a fifth grade education was about 14 times greater than that of non-Latino whites. Such a low literacy level, coupled with the language barrier, may increase the vulnerability of the Latino population to multiple health threats and limit the access of the population to health insurance and basic, needed health care (Ruiz 1993 (Ruiz , 1995 Schur and Albers 1996; Ammons 1997; Weinick and Krauss 2000) .
A recent study found that Latinos seen at Latino mental health clinics reported more difficulties managing medications than comparison groups, indicating that the problem with medications was not adequately addressed by receiving services in a culturally sensitive clinic (Diaz et al. 2001) . The authors suggested the problem was likely because of the persistent effects of language barriers and limited literacy ability to function in the health care arena. Thus, the adverse effects of low health literacy observed in the English-speaking population may be more salient among Spanish-speaking Latinos, even when they are offered culturally sensitive care.
ASSESSMENT OF HEALTH LITERACY IN SPANISH
Without accurate assessment, efforts to understand and ameliorate the health problems associated with low health literacy among Spanish-speaking Latinos are unlikely to succeed. Identifying individuals with low health literacy is difficult because information such as age, educational attainment (i.e., years of schooling), and self-reported literacy skills do not reliably reflect the individuals' health literacy level Nurss et al. 1997; Bass et al. 2002) . 1 Thus, health professionals working with the Spanish-speaking population have long expressed the need for an easy-to-use test of health literacy (Davis et al. 2004) . Two instruments--the Test of Functional Health Literacy in Adults (TOFHLA) and the Instrument for Diagnosis of Reading (a.k.a. the Instrumento Para Diagnosticar Lecturas or IDL)--have been translated into Spanish and used in medical research settings (Davis et al. 1998) . Both are comprehension tests ( Table 1) . The Spanish version of TOFHLA, called TOFHLA-S, has good internal consistency, reliability, and content validity. However, like the English version, it takes at least 20 minutes to administer . The IDL is a Spanish reading assessment instrument that tests comprehension of written text. Similar to TOFHLA-S, administration of IDL requires 20-30 minutes or longer. The lengthy administration time of these two Spanish assessment tools limits their application as screening instruments for low health literacy in clinical and community settings. Abbreviated versions of the TOFHLA have recently been developed Nurss et al. 2001) . But users of the TOFHLA are concerned that the test design may be intimidating and not suitable for people with limited literacy skills. 2 An alternative method of assessing health literacy is word recognition tests, which require examinees to read aloud from a list of individual words. The tests are based on a strong correlation between reading ability and comprehension--i.e., if the examinees have trouble pronouncing words, a For a more comprehensive and detailed discussion of assessment tools, see Davis et al. (1998) .
w A Cloze test requires the examinee to fill in words that have been systematically deleted from a sample of text. The assumption is that more literate examinees will understand better the context of the text and be more capable of filling in the missing words in the text.
beginning-level reading skill, they are likely to have difficulty with comprehension, a higher order skill (Davis et al. 1998) . A widely used word recognition test of health literacy is the Rapid Estimate of Adult Literacy in Medicine (REALM) (Davis et al. 1991; Murphy et al. 1993) . The REALM emphasizes common medical words for human anatomy and illness (Appendix 1). All words are chosen from written materials given to patients in primary care settings and are presented in ascending order of difficulty so as not to discourage the examinee. This feature makes it particularly useful for screening individuals with low reading levels. The original REALM, which contained 125 words, has been shortened to 66 words . The shortened version correlates well with three other tests and has high test-retest reliability. It is easy to use, taking about 1-3 minutes to administer and score, and has been used in public health and clinical settings (Davis et al. , 1994 Murphy et al. 1993 ).
An effort to translate the REALM into Spanish was unsuccessful . The study tested a Spanish REALM in a sample of 52 Spanishspeaking patients that had an average of 6.5 years of schooling. Of the patients tested, 6 percent could read none of the 66 words, 17 percent scored from 52 to 59, and the remaining 77 percent scored from 60 to 66. (No one scored between 1 and 51.) Thus, the test resulted in dichotomous groups--those who could not pronounce any of the words and those who could pronounce most of the words--and failed to differentiate the health literacy skills in the group of Spanish-speaking patients.
According to the researchers, the result was due to the phonetic structure of the Spanish language. In comparison with English, Spanish has regular phoneme-grapheme correspondence, meaning that one sound is usually represented by one letter and vice versa. Therefore, it is relatively easy to pronounce words in Spanish so long as one can recognize letters, and a low-level reader can usually score high on a word recognition test. This feature of the Spanish language violates the design basis of the REALM that there exists a high correspondence between reading ability and comprehension.
In this paper, we report how we overcame the problem of phonemegrapheme correspondence in Spanish and developed an easy-to-use health literacy test for Spanish speakers. Specifically, we incorporated simple questions in a REALM-like instrument to test the examinee's comprehension of commonly used medical terms. The new test, named the Short Assessment of Health Literacy for Spanish-speaking Adults or SAHLSA, requires examinees to read aloud a list of medical terms (same as the test in the REALM) and associate each term to another word similar in meaning to demonstrate comprehension. The following sections describe the development of the SAHLSA, the methods used to validate the instrument, results of the validation, and recommendations for improvement and use of the instrument.
METHODS

Research Setting
Subjects for the study were recruited at the Ambulatory Care Center of UNC Health Care. The center has approximately 72,000 outpatient visits per year in a range of clinics, including dermatology, internal medicine, obstetrics and gynecology, orthopedics, pediatrics, and day surgery. About 5 percent of the visits are made by Spanish-speaking patients. The center was deemed an appropriate setting for the study for three reasons. First, as the outpatient center for North Carolina's referral hospital system, it treats a diverse group of patients. Second, it offers services that address a broad spectrum of health care problems, similar to the range of health care situations represented in the REALM. Third, respondents at a health care setting are likely to be interested in the purpose of the study and be responsive to the interview.
To be eligible for participation in the study, the subjects had to meet the following criteria: (1) be fluent in either English or Spanish; (2) aged 18 years or older but less than 80 years old; (3) without obvious signs of cognitive impairment; (4) without vision or hearing problems; and (5) showing no signs of drug or alcohol intoxication. The research protocol was approved by the Institutional Review Board at the School of Public Health, the University of North Carolina at Chapel Hill.
Instrument Development
The design of SAHLSA was based on the 66-term REALM . To test comprehension, we incorporated in the instrument simple questions that assumed the standard format of multiple-choice tests (Haladyna 1999) . The format, consisting of a stem in the form of a question and choices in the form of an answer to the question, is as follows.
Stem: question
Key: correct choice Distractor: plausible but incorrect choice Specifically, two common and simple words were chosen to match each of the REALM medical terms (the stem) (''don't know'' was also included as an option). One of the words (the key) was meaningfully associated with the REALM medical term and the other (the distractor) was not. Thus, the test was akin to ''defining'' in educational achievement testing, which measures understanding or comprehension based on correct identification of a paraphrased version of an original concept, fact, principle, or procedure as presented during instruction (Haladyna 1999) . Because the purpose of the association questions was to verify the comprehension of the given medical terms, examinees were instructed not to guess. The difficulty of the two added words was kept minimal so that any examinee with a low level of education could understand them.
The instrument was developed by an expert panel through a Delphi process (Veney and Kaluzny 1998) . The panel consisted of five experts who were fluent in both English and Spanish and had extensive experience working with Spanish speakers in educational, medical, and public health settings. The Delphi process involved two steps. The first was translation of the 66 REALM medical terms into Spanish. The translation took into account both the dictionary definition and the commonality of usage in daily conversations. The second step was selection of the key and distractor for each REALM medical term according to three criteria: (1) the key and distractor should be no more complicated or difficult than the medical term; (2) the relation of the key to the medical term should be a subset, an example, a larger class, a synonym, or a function; and (3) the distractor should be an incorrect but plausible choice in terms of its association with the medical term and it should be comparable in length and complexity to the key. Discrepancies that arose during the Delphi process were discussed and resolved among panel members during three half-day meetings held between December 2002 and March 2003.
The Delphi process produced both the English and Spanish drafts of the new instrument. The drafts were pretested with 10 English-speaking and 10 Spanish-speaking subjects. As a result of the pretest, the administration of the new instrument was modified by using laminated 4 0 0 Â 5 0 0 flash cards in the subsequent field test. Each card had a REALM medical term printed in boldface on the top and the two association words--i.e., the key and the distractor--at the bottom. The order of the two association words was determined randomly. Respondents were shown the cards and asked to read aloud the word in boldface. The interviewer then read the two association words and queried the respondent which one was meaningfully associated with the word in boldface. The respondent's answer (including ''don't know'') was recorded on a separate sheet of paper and the answer was deemed correct only when the respondent correctly pronounced the word and made the right association.
Field Test and Verification of the Association Questions
The field test was conducted with 202 English-speaking and 201 Spanishspeaking respondents. The two groups of respondents had similar gender composition, with female respondents representing around 56 percent of the total sample. On average, Spanish-speaking respondents tended to be younger (34.2 versus 43.7 years) and have fewer years of schooling (10.1 versus 13.0 years) than English-speaking respondents. The interview was conducted by trained bilingual interviewers using a questionnaire that included the 66 SAHLSA test items and questions regarding the respondents' demographic attributes (i.e., years of schooling, gender, age, and marital status) and physical health status (based on the physical health component of the SF-12 battery). Also included in the questionnaire was the Spanish TOFHLA, used as a comparison in the validation of SAHLSA. To assess test-retest reliability, a subsample of 40 Spanish-speaking respondents was randomly selected to retake the SAHLSA 2 weeks after the first interview.
The main purpose of including English-speaking respondents was to verify the design of the association words in the SAHLSA using the correlation between the REALM score and the SAHLSA association test score. The analysis indicated a high correlation (r 5 0.76), suggesting the design of association questions was adequate. In addition, plots of the test scores in the Spanish-speaking subjects were generated (Figure 1) . A plot of the scores based on Spanish-speaking repondents' pronunciation of REALM medical terms revealed a highly skewed distribution with no subject scoring between 1 and 42, confirming that the REALM could not satisfactorily differentiate the health literacy level among Spanish speakers . Incorporating the association questions in the new instrument significantly increased the variation of the test scores.
Psychometric Assessment of the SAHLSA
As the purpose of the study was to develop a health literacy test for the Spanish-speaking population, validation of the SAHLSA was performed with data collected from the Spanish-speaking sample. First, following Hambleton and Rovinelli (1986) , the assumption of unidimensionality was examined based on the eigenvalue plot (i.e., the scree plot) of the interitem correlation matrix (using tetrachoric correlations). The plot was generated using STATA 8 software to determine whether a dominant first factor was present among the items included in the SAHLSA. Confirmatory factor analysis was also performed using the M-Plus computing program to verify unidimensionality (Muthen and Muthen 1998) .
Second, item response theory (IRT) was used to calibrate the SAHLSA. IRT is a model-based and item-oriented approach to psychometric test development (Zickar 1998; Embretson and Reise 2000; Ellis and Mead 2002) . It assumes that an examinee's response to an item on a test is related to a latent trait which the test is presumed to measure and that the relationship can be represented by a mathematical function (usually an s-shaped, logistic function) known as an item characteristic curve (ICC). Stated differently, IRT uses information from both the examinees and the item to determine the likelihood that a person with a given level of ability (referred to as y) responds correctly to a given item. Because the mathematical model used to derive item parameters is based on the estimated latent trait (y), rather than the examinee's total score, the item and test information generated by IRT is parameter invariant--that is, information obtained from one sample using IRT, assuming the sample is sufficiently large (200 or more for a unidimensional model with dichotomously scored items) but not necessarily representative of the target population, will be equivalent to that obtained from another sample, irrespective of the average ability level of the examinees in the two samples.
The ICCs of the dichotomously scored items in SAHLSA could be estimated using the three-, two-, and one-parameter logistic models (3PLM, 2PLM, and 1PLM, respectively). The 3PLM is written as:
where P i (y) is the probability an examinee with ability y (in this case, health literacy) answers item i correctly; a i is the discrimination parameter indicating the degree to which small differences in ability are associated with different probabilities of correctly answering item i; b i is the difficulty parameter corresponding to the ability level associated with a 0.50 probability of answering item i correctly; and c i is the guessing parameter or the probability that an examinee who is infinitely low on the ability answers item i correctly. The 2PLM assumes no guessing and estimates item difficulty and discrimination. The 1PLM estimates item difficulty only and assumes that the discrimination parameter is equal across items. When fit to the data and accurate parameter estimates are needed, 2PLM and 3PLM are favored (Embretson and Reise 2000) . Thus, the relative fit of the two models and the parameters would be estimated using the MULTILOG program, suitable for dichotomous and polytomous item analysis (Thissen 1991) .
The validity (convergent validity and predictive validity) and reliability (internal reliability and test-retest reliability) of SAHLSA were also examined using STATA 8. Convergent validity measured the degree to which the SAHLSA was correlated with the Spanish TOFHLA using Pearson's r correlation. Predictive validity assessed whether the SAHLSA could significantly predict health status among Spanish speakers, holding constant age and years of education. Internal reliability, based on the Cronbach's a, indicated the extent to which the SAHLSA yielded similar results among its different components. Test-retest reliability, or the consistency of test results at different time points, was assessed using the Pearson's r correlation between the first and second SAHLSA scores in the subsample of 40 Spanish-speaking subjects.
RESULTS
In testing unidimensionality, the scree plot showed a clear dominance of the first factor. The eigenvalue for the first factor of the SAHLSA items was over five times larger than that of the second largest, and the second largest eigenvalue was similar to the smaller ones, suggesting the items were indicators of a common, latent factor ( Figure 2) . Results of confirmatory factor analysis also indicated generally good fit of the single-factor model (i.e., unidimensionality). The w 2 value was 64.2, with a p-value of .07; the relative w 2 /df equaled 1.31; and the comparative fit index (CFI) and the root mean square error of approximation (RMSEA) were 0.844 and 0.04, respectively. 3 The À 2 log likelihood of the 2PLM (6201.2) and 3PLM (6139.5) were estimated to assess relative fit of the models. The difference (w 2 5 61.7) was not significant at 66 degrees of freedom, suggesting that the 3PLM did not provide a better fit for the data and that the guessing parameter could be assumed to be 0 (i.e., there was no guessing in the SAHLSA testing). Using the 2PLM, item parameters a (discrimination) and b (difficulty) were estimated and the results are presented in Table 2 . Most items appeared to have good discrimination (a41) and low difficulty (bo0). To achieve satisfactory discrimination and to test a wide range of health literacy ability, we limited the value of parameter a to be between 0.6 and 3 and parameter b to be between À 3 and 13. 4 Based on these criteria, 14 items were eliminated. Two more items--''nausea'' and ''emergencia''--were also eliminated on the basis of their having similar parameters as others (''depresió n'' and ''osteoporosis'') and therefore providing redundant information in the test. The resulting instrument contained 50 items, shown in Appendix 2 with the associated key and distractor words and with the items rank-ordered by the estimated difficulty parameter b. The SAHLSA-50 score was significantly correlated with the TOFHLA score (Pearson's r 5 0.65) in the sample of Spanish-speaking subjects. As expected, the SAHLSA-50 score was also significantly and positively associated with the physical health status of Spanish-speaking subjects (po.05), holding constant age and years of education (Table 3 ). The instrument displayed good internal reliability (Cronbach's a 5 0.92) and test-retest reliability (Pearson's r 5 0.86).
We were unable to convert SAHLSA-50 scores to grade-equivalent reading levels because an appropriate comparison instrument, such as the IDL, was unavailable in the study to make the conversion. As an alternative, a cutoff point for inadequate health literacy ( 37) was determined by plotting the distribution of SAHLSA-50 scores against the distributions of educational attainment and TOFHLA scores. Based on this criterion, 50 (24.8 percent) of the Spanish speakers in our sample had inadequate health literacy. Despite the care taken by the expert panel to use standard medical lexicon in the SAHLSA design, a concern could be raised about the application of SAHLSA-50 to Spanish-speakers from different countries where different idiomatic expressions are used. To examine this concern, we calculated the SAHLSA-50 (and TOFHLA) scores for subjects who were born in Mexico (N 5 141), Central America (N 5 22), South America (N 5 16), and other countries (N 5 22) . 5 No significant difference was found among groups, except for those born in South American countries. Results showed that subjects from South American countries had a higher mean SAHLSA-50 score, which may be explained by the finding that they also had a higher level of educational as well as a higher mean TOFHLA score.
DISCUSSION
This paper reports the development of SAHLSA-50, designed to provide an easy-to-administer test of health literacy in the Spanish-speaking population. Unlike the REALM, which is a word recognition test and is available only in English, the new instrument includes questions that evaluate the subject's comprehension of medical terms commonly used in clinical and public health settings. Results show that the instrument has good validity and reliability. Guessing does not appear to be a concern if clear instruction is given before the test. Administration of the instrument is relatively easy; it took a short time (approximately 3-6 minutes) and required minimal training (Appendix 3). A rather high cutoff point is found for adequate health literacy, suggesting that the SAHLSA-50 is particularly useful for identifying Spanish speakers with low health literacy. Several limitations are worth noting. It is important to point out that the United States is host to people from different Latin American countries who use different idiomatic expressions. Further testing of the instrument's application in different Latino subpopulations may be needed. Similar to most instrument development studies, our study did not include a random, representative sample of Latinos in the community. The hospital-based participants recruited for the study may be more receptive to a health literacy test. What kind of difficulties may arise in applying the SAHLSA-50 to a community-based sample remains to be evaluated. Further testing would also be needed in order to convert the SAHLSA-50 score to grade-equivalent reading levels, should the information be necessary for designing appropriate educational materials for Spanish speakers.
It should be emphasized that SAHLSA-50 is appropriate as a screening tool, particularly for identifying Spanish-speakers with inadequate health literacy. Its usage as an assessment tool may be limited by the low differentiation power among individuals with a score greater than 37. The test takes 3-6 minutes to administer. In clinics overwhelmed with demand of patient care, it may be difficult to add the test onto current clinical activities.
Despite these limitations, the instrument has several practical applications. First, it can be used to screen for individual Spanish speakers' health literacy level in public health and clinical settings. The identification of patients with low health literacy can alert health care providers to the possibility that these patients may have difficulty with printed educational materials or highly scientific explanations of complex medical conditions. It has been shown that those who score very poorly on a health literacy test also have trouble with oral provider-patient communication (Doak, Doak, and Root 1996) . Thus efforts can be taken to develop educational multimedia (e.g., videotapes, audiotapes) that are both culturally sensitive and linguistically keyed to the population. Health care providers and health educators should also be trained to alter their mode of communication with low health literacy Spanish-speaking patients according to assessed health literacy levels (Davis et al. 1998) . Increased awareness among health care practitioners of the special health and personal needs of low health literacy Spanish-speaking patients may help reduce the level of linguistic complexity used in provider-patient communications, thus preventing serious medical errors because of misunderstanding. This, in turn, has the potential to improve the quality of care and reduce the health care costs of service to the Spanish-speaking population (Flouty and Meyer 2000) .
Second, the instrument could be used to assess the level of health literacy in the community. Assessing the aggregate extent of inadequate health literacy among Spanish-speaking Latino residents will provide local governments, community groups, hospital systems, or other health provider groups an understanding of their Latino patient populations' unique health needs (Brandes 1996; Davis et al. 1998) . The information could be used to guide the design of appropriate health educational materials (written and/or multimedia) or for devising community intervention programs that are comparable with the health literacy level of the local Latino population.
Research indicates that future development of stable bilingualism in the United States is unlikely (Sole 1990) . Given the rate of growth of Latino residents and the tendency of Latinos to reside in Spanish-speaking communities that use Spanish as the primary language, it is clear that Spanish will remain the most important minority language in the United States for decades to come. The development of Spanish tests, as represented in the study, is the first and necessary step toward understanding the health needs of, and providing high quality of care for, the Latino population.
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